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In the 2003 growing season, charcoal rot, a disease new to Iowa producers, was prevalent in the 
soybean fields of Iowa. This was the first ever statewide occurrence in Iowa with severe damage 
to many soybean fields. In the south, this disease has been a yield robber and has drastically 
reduced the yield potential by as mush as the sudden death syndrome. This article will discuss the 
following aspects of this disease: l) the distribution and economic importance of the pathogen; 2) 
identification of the disease; 3) the disease cycle and epidemiology; 4) yield loss assessment and 
5) management strategies. 
What is charcoal rot? 
Soybean charcoal rot is caused by a soilborne fungus called Macrophomina phaseolina. The 
fungus can attack over 500 plant species in dry and hot climate regions. In the U.S., soybean 
charcoal rot thrives in hot and dry weather conditions and has been an endemic problem in 
southern soybean growing areas where the summers are relatively dry and irrigation is needed, 
such as in Kansas and in parts of Missouri. Soil temperatures of 80-95° F (27-35°C) over a 
period of 2-3 weeks are ideal conditions for charcoal rot to occurs. Last year the disease was first 
reported in Richland County, North Dakota, in late August. 
Distribution and importance 
Although the fungus M. phaseolina is widely distributed throughout the U.S. soybean production 
regions, occurrence of the disease has been limited to dry and hot regions. After the occurrence 
of charcoal rot in Iowa during 2003 summer, we made surveys covering areas from northern to 
southern Iowa. Samples were collected from many fields where large areas of premature dying 
were observed. In most of the fields we visited, charcoal rot symptoms/signs were found in these 
premature dying plants. In the northern section of our survey (North of latitude 42.SON) , the 
prevalence was 60%. In central Iowa (latitude 41.6- 42.5°N) all fields sampled were positive 
with plants having M. phaseolina and over 90% of fields in the regions had plants showing 
charcoal rot wilting symptoms with severity varying from 10% to 80% . In some fields along the 
Interstate 35 from Ames to Des Moines, over 70% of the plants have been killed. In southern 
Iowa (south of latitude 4l.6°N), less than 20% fields had charcoal rot infested plants. The largest 
infested field of 80 hectares was observed in northern Iowa, east of Hampton and Butler County 
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In central Iowa, the disease was found in almost all suspected fields with patches of premature-
dying of soybean plants. The highest severity was 80% in a field of 40 acres east of Huxley, Story 
County wherein plants were showing premature death before growth stage R6 (full seed). 
It is a surprise to observe such a wide occurrence of this disease in Iowa, because this disease has 
been considered as a southern disease. In the past, the ISU clinic occasionally received diseased 
plants with charcoal rot at the end of a season but never have the reports of disease severity 
been this bad. According to Dr. john Crewswell, retired ISU Field Crop Specialist, a severe 
outbreak of this disease was observed in Washington County in 1983, a year of drought, but the 
occurrence was not documented. In the 2003 season, although we know drought contributed 
to the outbreak of this disease, the causes for such a high level of severity with wide areas of 
prevalence during the previous years is unknovvn. 
Importance of seed borne character 
According to the Soybean Disease Compendium, seeds may carry the pathogen in the seed coat. 
Results from that cited literature were based on laboratory conditions by artificially inoculating 
the seeds with charcoal rot fungus, which is not similar to the conditions in real production 
situations. Related literature focusing on tropical regions has documented that large numbers 
of seeds can carry the pathogen in the seed coat. Infected seeds have low germination rate or 
seedling damping-off if used. The importance of seed borne aspect is unknown to the production 
in the northern regions. More tests are needed to determine the seed borne nature of this disease 
in Iowa. 
Although the seed borne nature needs further investigation, it would be wise to identify the 
diseases before the season ends because infected seeds have low germination rate or stand 
establishment rate. If severe charcoal rot is found in the seed fields, check for seed infection by 
sending samples to the Iowa State University Seed Science Center for testing. 
Identification 
Although the charcoal fungus can infect soybean plants at its seedling stage, unless seedling 
blight occurs, external symptoms are usually not seen during the early developmental stages of 
the disease. The disease is more pronounced in late August and early September if the soil is 
dry and the temperatures are high. From a distance, the charcoal rot infested fields have disease 
patches with patterns similar to those resulting from sudden death syndrome. The difference is 
that SDS occurs during wet season and charcoal rot occurs during dry season. 
When diseased plants are examined, discoloration in the cortex tissues of the tap root and lower 
stems was characteristic feature of the disease. On dead plants whose diseased tissues are dry, 
the fungus produces numerous microsclerotia that are tiny black fungal structures similar to 
charcoal powder. Microsclerotia of M. phaseolina can be found after removing the epidermis 
(bark), just beneath the epidermis of taproots and lower stems of the dead and dry plants. A 
hand-held magnifier (at least lOx) is required to see the microsclerotia. 
It is important to clearly identify this disease because the disease can be easily mistaken for 
brown stem rot (BSR) or sudden death syndrome (SDS). This would result in reoccurrence of 
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this disease in the next season. For charcoal rot , the stem discoloration in the cortex tissues of 
the tap root is similar to that caused by SDS. However, SDS infected plants have severe root 
rot, but charcoal rot does not. SDS plants are easy to pull out but charcoal rot plants are hard 
to pull. When the stems are split, the piths of diseased plants have BSR-like browning in lower 
stems. In some plants, no pith browning can be found. Plants with charcoal rot can be mistaken 
for BSR because there is discoloration in the pith of charcoal rot plants. For BSR, discoloration 
can be as high as near the upper portion of the stem. In plants with severe BSR foliar symptoms, 
discoloration should be found in upper portions of the stem. However, discoloration by charcoal 
rot is limited to the lower portion of the stems, often not higher than y h node. 
If you do not scout the disease in a growing season but suspect charcoal rot may play a role in 
low yield, you still can check the disease during or after the harvest. The following steps can 
help identify the problem. Skip first two steps if you scout after harvest. 
• Check plants that are shorter and have died prematurely Infected plants may have 
premature yellowing of the top leaves. 
• Look for plants with unfilled upper pods and general low plant vigor. In some cases, 
the upper one-third of the plant may have only flat pods without seed. 
• Microsclerotia of the fungus can be found just beneath the epidermis after peal-off the 
epidermis (bark) and inside the taproots and lower stems of dead and dry plants. 
• Scrape the outer tissues of stems around the soil line and look for the presence of black, 
microsclerotia which are tiny black fungal structures appear similar to charcoal dust. 
• When stems are split, the piths of the diseased plants have browning in the lower 
portion of stems and microsclerotia can be found in the piths. 
Finding microsclerotia is an important key in charcoal rot identification. For most of people, 
locating microsclerotia in a diseased plant can be challenging because the size and location of 
miscrosclerotia. It needs hands-on experience to identify the disease. Training or working with 
an experienced person may be needed for most of us. If you found fields that fit the description 
of charcoal infested fields, check the plants and send some samples to ISU Plant Disease Clinic. 
Disease cycle and ecology 
M. phaseolina survive in soil as microsclerotia and on crop debris for several years in the 
absence of hosts. Microsclerotia are multicelled and germinate few cells at a time. Thus, a single 
microsclerotium may germinate repeatedly during the growing season . Root infection occurs 
when the plant roots come in contact with the hyphal strands of germinating microsclerotia. 
Pathogen growth and infection of soybean can occur at emergence and at the cotyledonary 
stage with 80 to 100% of seedlings infected within 2 to 3 weeks after planting. The fungus first 
invades cortical tissues of the lateral roots, grows into the taproot and upward into the lower 
stem. During the later stages, microsclerotia are produced in the diseased tissue. After harvest, 
the infested residues remain in the fields. As residue breaks down, microsclerotia are released 
into the soil and become a source of inoculum for the next season. 
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Seeds have been reported to be carrying the pathogen in the seed coat. The significance of the 
seed borne nature of this disease in Iowa is unknown. Preliminary examination of suspected 
seed lots at ISU has shown negative results. In dry soils, microsclerotia survive in the soil or 
remain embedded in the host residue for 2 or more years. 
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Figure l. Disease Cycle of Soybean Charcoal Rot (Macrophomina phaseolina). 
Microsclerotia will not survive for more than 7 to 8 weeks , and mycelia for not more than 
days in wet soils. The fungus is highly variable, with isolates differing in microsclerotia size 
and the ability to produce pycnidia. Since the fungus can attack a wide range of plants with 
more than 500 crop and weed species, in the absence of soybean, the fungus can still increase 
their populations by infecting corn and other susceptible hosts. In the absence of soybean, M. 
phaseolina is known to infect corn and cause stock rot. In Iowa, stock rot by M. phaseolina has 
been found in 2003 season. However, quantitative information on corn stock rot in relation to 
soybean charcoal rot is unavailable. 
Yield loss 
In the early stages of soybean growth, the fungus can cause seedling blight. M. phaseolina could 
infect up to 100% of soybean plants within 3-4 weeks after planting. M. phaseolina can reduce 
plant height, root volume and root weights by more than 50%. Visible symptoms ofroot damage 
2003 Integrated Crop Management Conference - Iowa State University - 59 
are seen during the pod formation and filling stages, particularly, when the demand for water 
and nutrient absorption is high. Because the diseased plants have smaller root systems, resulting 
in fewer number and lighter seeds. Diseased plants mature several weeks earlier, which further 
contributes to the yield loss. When severe, the disease reduces yield by killing the plants at early 
soybean reproductive stages, which was the case this summer in Iowa. Yield losses up to 50% 
have been reported in the south. 
Previously no study has been conducted in determining yield losses by charcoal rot in Iowa. 
Studies from south indicating yield losses can be up to 50%. In 2003 season, soybean yields 
were measured at Iowa State University Hinds Research Farm near Ames in a field severely 
infested by the disease using global positioning system. In this field, the disease was first noticed 
in early August. By late August, the disease affected most soybean plants in the field, especially 
in eastern half and southeastern area of the field where premature death occurred. Yield level 
in charcoal rot infected area was much less than the uninfected areas (Figure 2.). In northwest 
area free of disease, the yield was over 50 bu/acre . Some portions were in 40-50 bu/a. In areas 
severely infested which was about half of the field, yield was under 30 bu/a and significant 
portion under 20 bu/a. 
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Figure 2. Soybean yield map from a charcoal rot infected field at Hinds Research Farm 
of Iowa State University, Ames, Iowa. Data were from 2003 growing season and the 
field was in corn in 2002. 
Management measures 
In the last ten years, soybean diseases have been moving targets for plant pathologists as the 
diseases vary from season to season. This has been the result of changes in climate. Outbreak of 
charcoal rot in Iowa is part of the change. Future impact of charcoal rot to soybean production 
depends on the length of dry climate cycle or whether drought would return in next year or two. 
Rotation 
Corn-soybean rotation is ineffective to control charcoal rot since the disease has a broad host 
range, infecting over 500 plant species. Charcoal rot fungus also infects corn causing stalk rot, 
therefore rotation with corn may aggravate soybean charcoal rot and is an important issue that 
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needs to be investigated. Besides corn, alfalfa and white clover are also hosts. Small grains are 
considered to be poor hosts. Yield loss due to charcoal rot can be minimized when soybean is 
rotated with small grain, such as wheat and barley 
Chemicals 
No chemical treatments have been reported to control this disease in soybean. 
Seeding rate 
Avoid excessive seeding rates, as high planting density is associated with increased competition 
for moisture. Soybean with a high plant density uses water from soil reducing soil moisture, 
which increases disease risk during a dry season. In normal seasons, this should not be a major 
concern in Iowa. 
Variety selection 
There are differences in level of disease among varieties. As we observed this year, there are 
differences among soybean varieties with some varieties more susceptible than others. 
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